The purpose of this work is to compare the mechanical properties of the different PP/Filler composites. We considered the effect of treatment of the filler on the adhesion between the filler and the matrix. Modification of polypropylene (PP) with different coated and uncoated fillers is investigated in this paper. Six types of different fillers are used for preparation of filled PP composites. The composite samples were homogenized in a twin screw extruder. The compatibility of PP and fillers focused in this study and modified by using coupling agent. The obtained values of composites were correlated with mechanical properties.
Introduction
Polypropylene (PP) filled with particulate fillers are of great interest in both research and industry. It is well known that polypropylene has good processability thus allowing it to accept different types of natural and synthetic fillers. Polypropylene (PP) is one of the most widely used commodity thermoplastics, especially in automotive, electric, packaging and consumer application. The reason for this can be found in its excellent properties, such as good processing, heat distortion temperature above 100˚C, recycling ability and favourable price/volume/performance ratio, with the result that PP composites successfully penetrate fields traditionally occupied by other materials such as ABS etc. The ever increasing technical and aesthetic requirements as well as soaring material and compounding costs, lead to the necessity of utilizing all possible advantages of fillers.
To fulfil these requirements i.e., utilizing all the functional advantages of fillers, it is necessary to understand the relevant properties of particulate fillers and their effect on the structure and properties of the composites. Huge work has already been done on the effect of particulate fillers. The investigation examined the effect of varying compositions of filler on the properties of talc filled polypropylene (TPP) and mica filled polypropylene (MPP). The main goal of the current research is to compare the properties of mica with talc filled PP composites as well as create a baseline data for talc and mica filled systems depending on the filler content as well as its particulate size [1] [2] [3] [4] [5] [6] [7] .
Materials
The study is comprised of filler interactions with copolymer polypropylene. The Copolymer (Cosmopolene AY564) is a block copolymer produced by The Polyolefin Company Pte Ltd. Various fillers were selected to reinforce these Polypropylene. The data values for various fillers selected are provided in Table 1 .
The PP compounds were prepared at different filler compositions (vol%) such as 10% -40%. The different compositions were mixed and compounded in a Berstorff twin screw extruder model ZE-25 with L/D ratio of 36 and a screw diameter of 25.0 mm. All materials were in a temperature profile of 190 -220 deg·C at 15.0 Kg/hr feed rate and 60 -70 min·rpm. These blends were then 
Results and Discussion
Fillers and reinforcements have high energy surfaces. During blending, the polymer chains are adsorbed onto the active sites of the filler surface. Adsorption of polymer molecules leads to the development of an interphase layer which has properties different from that of the matrix polymer. Figure 1 shows the variation of notched Izod Impact with respect to the volume fraction of filler added. It is evident as filler content increases; there is a gradual fall of impact strength. The trend varies from filler to filler guided by the nature as well as particle size and coating criteria. The better impact retention of the coated talc P10 is because of the better Wettability of the polymer matrix and improved polymer-filler interaction with interfacial adhesion due to coating. GSS5 shows even better behaviour because of its lower particle size and coating effect. But the Mica filled grades show much inferior impact retention with micron mica being the lowest. This is because of its uncoated surface combined with larger particle size.
The difference in impact behaviour for talc and mica reinforced composites can be explained on the basis of its basic structural features. Both are layered silicate minerals, in which Mica forms planar thin platelets with very high aspect ratio, with bi-axially oriented plates having high surface area compared to thickness. Thus mica results in stronger reinforcement of the matrix making it more rigid and stiff, thereby causing more restriction on the effective stress transfer during impact. Although no reference data was available relating polymer filler interaction to impact strength; we tried to deduce an equation for the same which can guide as a route to predict the impact of filled materials.
All the composites show an exponential behaviour as shown in Equation (1) .
where is the impact strength of the reinforced composite, is the impact strength of the base polymer matrix, f f I P I  is the volume fraction of the filler and is the exponential constant related to the interaction parameter. This basic equation is very closely related and directly resembling the modified Nielsen model proposed by Nicolais and Narkis. The term B is evaluated and tabulated for different fillers in Table 2 . It is clearly indicated that the interaction parameter is higher for coated and lower particle size fillers. Also talc has higher interaction than mica. Figure 2 shows the trend of Flexural modulus of different composites. All the curves follow a similar trend and can be exemplified in the form of Equation (2).
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where f is the modulus of the reinforced composite, P is the modulus of the base polymer matrix, f
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 is the volume fraction of the filler and A 1 , B 1 are constants related to the interaction parameter. This equation closely resembles the modified Guth-Gold equation widely used to evaluate and predict polymer-filler interactions. Fillers with thin layered structure and higher aspect ratio i.e., mica shows much better increment in Flexural Modulus than talc. Finer particle sizes and coating has a positive effect over larger particle size than uncoated.
Of greater importance is the curve in Figure 3 showing the effect of filler volume fraction on the ratio of Modulus to Elongation at Yield. The observed trend can be summarized by an exponential equation (Equation (3)) as predicted by Nielsen Model.
where, f X is the ratio of the reinforced composite, P X is the ratio of the base polymer matrix, f  is the volume fraction of the filler and C is a constant related to the interaction parameter. The values of C presented in Table 2 clearly shows Micas have much higher interaction values than talc especially Coated Mica i.e., Wet Ground Mica showing the highest. A higher value of C is directly related to the enhanced matrix stiffening effect, which enhances rigidity and also reduces the possibility of quick stress transfer in the event of impact. This reducetion in stress transfer ultimately reduces the extent of elastic response of the material and thus Elongation at Yield decreases. Figure 4 shows the variation of Tensile Strength at Yield against Volume fraction of filler. The Yield Strength increases with filler content for Mica whilst Talc filled registers a continuous decrease. This is because of better of better polymer-filler interaction in mica in terms of extensional behavior due to its higher aspect ratio. 
fillers when conditions occur in accordance with this concept. In order that the load transfer takes place effectively, the matrix must have sufficiently high cohesive and interfacial shear strength. Thus, apart from the filler and the polymer, it is the inevitable region between them, namely, the interphase which plays a vital role in the fabrication and subsequent behavior of the filled polymer systems in service. The interphase is that region separating the filler from the polymer and comprises the area in the vicinity of the interface. It would be synonymous with the words "interfacial region" but different from the term "interface" which would be the contacting surface where two materials under consideration meet. Good mechanical strength can be achieved only by uniform and efficient stress transfer through a strong interfacial bond between the filler and the polymer. It is important that the bond is uniform on a fine scale rather than unevenly strong in local regions as areas of the filler-polymer interface which are not in contact begin to act as cracks under an applied stress. In the absence of a good interfacial bond, fibrous fillers will pull out of the polymer and result in an annulment of the reinforcing effect [6] .
The plots show a similar trend that fits into the exponatial model of Nielsen modified by Narkis and Nicolais.
The equation derived from Figure 5 is
where D is the exponential constant characterizing the interaction. The values are tabulated in Table 2 . The appearance of a negative exponent in Talc can be attributed to the better directional stress-bearing capacity of mica, due to their respective geometry and mode of interaction with the polymer chain. This interaction also depends on the particle size and coating too.
Discussion
When filler is added to a polymer with the specific idea of reinforcement, it is expected that the reinforcing filler component which is strong and stiff should bear most of the load or stress applied to the system while the polymer which is of low strength, fairly tough and extensible should effectively transmit the load to the filler. Maximum reinforcement benefits would be achieved from
Size of the interphase is proportional to the specific surface area of the filler, which is inversely proportional to the particle size. Mica/PP system exhibits the lowest percentages of voids compared to talc/PP. This might be due to the high aspect ratios, which increases the Wettability of the fillers by the matrix. Stiffness is one of the basic properties of composites; the aim of incorporation of a second rigid phase to a polymeric matrix is very often to significantly enhance it. Higher filler content subsequently increases the Young's modulus of the composite system. The rate of increase depends mostly on the type and especially on the anisotropy of the filler. The rigidity restricts stress transfer under sudden shock and reduces impact. The drop in impact strength or brittleness can be associated with the disappearance of the plastic deformation of the polymer matrix.
Conclusion
The escalating cost of engineering thermoplastics over the last couple of decades and the awareness of dwindling supply of petrochemicals has created renewed incentives to restrict the quantities of resins used through the addition of fillers to the polymer matrix. So, predicting the behavior of filled systems is a necessity to better understand the composite properties. Interaction between PP and fillers is created by secondary Vander Waals forces which determine both the strength of the interaction and thickness of the interphase. Interaction strength changes in a limited range since PP has very low surface free energy and the polar component of surface tension is very close to zero; whereas fillers have high energy surfaces [1] [2] [3] .
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